The homoepitaxial growth of GaN layers has been achieved for the first time. Bulk GaN single crystals which have been used as a substrate have been grown from diluted solution of atomic nitrogen in the liquid gallium at 1600°C and at nitrogen pressure of about 15-20 kbar. It is shown that a terrace growth of GaN epitaxial layer has been realized. The high quality of the GaN film has been confirmed by luminescence measurements. The analysis of donor-acceptor and exciton luminescence is presented.
Recent advances in heteroepistaxy growth of GaN by metalorganisc chemical vapour deposition (MOCVD) have demonstrated that high quality films can be grown on sapphire substrates [1] . In this paper we report the homoepitaxial MOCVD growth of GaN using for the first time bulk GaN single crystals as substrates. Bulk GaN single crystals used as substrates were grown from diluted solution of atomic nitrogen in the liquid gallium at temperature 1600°C and at the nitrogen pressure of about 15-20 kbar by the method described previously [2] . The (861) bulk GaN crystalS grOwn by thiS method had electrOn concentration well above 10 19 cm-3 , most likely resulting from a high concentration of nitrogen vacancies [3] . In spite of a high concentration of point defects the structural quality of GaN single crystals is very good. The width of X-ray rocking curve for (004) Cu Κα reflection was about 30 arcsec. The presented in this paper results correspond to the GaN layer grown on the GaN platelet of an area of about 5 mm 2 with a relatively flat surface. Such single crystal sample has been used for MOCVD growth without any mechanical or chemical treatment. The GaN epitaxial layers have been grown in a horizontal atmospheric pressure MOCVD Epigress system adapted for the nitrides growth. The trimethylgallium (TMG) and ΝΗ 3 have been used as sources of Ga and Ν respectively, in addition to Η2 as carrier gas. The growth took place at temperatures close to 10000C and the flow of gases have been adjusted in such way that a layer of about 2 μm thickness was expected. The growth of GaN layer was realized directly on single crystal substrate without deposition of a low temperature nucleation layer.
The scanning electron microscopy micrographs of the surface of the GaN layer are shown in Fig. 1 . The terrace growth of GaN was observed and is shown in Fig. 1a . The higher magnification of the GaN single crystal terrace of the thickness of about 1 μm is shown in Fig. 1b . On the contrary, GaN layers grown in the same conditions on sapphire substrate have shown hexagonal islands characteristic of the columnar growth.
The better quality of GaN layers grown on GaN single crystal is confirmed by the luminescence measurements. The luminescence spectrum of bulk GaN substrate and the spectrum of GaN layer taken at 4.2 K are qualitatively compared in Fig. 2 . Due to high concentration of point defects bulk GaN crystals have a weak and broad band to band luminescence and pronounced yellow luminescence centred at 2.3 eV. On the other hand, the GaN layer grown on the GaN substrate shows two orders of magnitude stronger luminescence in the ultraviolet and blue region and practically no luminescence in the yellow region.
The blue photoluminescence band consisting of three peaks with the strongest one at 3.28 eV is the same as previously reported [4] and it is most likely due to donor-acceptor pair recombination with an involvement of LO phonon. The temperature dependence of the intensity of the 3.28 eV band gives activation energy of about 100 ± 10 meV. This activation energy may be connected with the ionization energy of a donor active in formation of the donor-acceptor pairs. From the 3.28 eV pair recombination it is possible to estimate the ionization energy of the acceptor as well. The free exciton energy has been recently determined to be equal to 3.485 eV [1] . Using the electron and hole effective masses equal to m*e = 0.2mß [5] and my = 0.80m0 [6] respectively and dielectric constant 5.8 [6] , the binding energy of the free exciton of 65 meV and the energy gap of GaN of about 3.55 eV is obtained. In this case the effective mass hydrogenic donor and acceptor should have the energy of 81 meV and 323 meV respectively. The determined 100 meV ionization energy of the donor indicates the chemical shift of the ground state of about 20 meV. However, the ionization energy of the acceptor is only 170 meV which is much smaller than the effective mass hydrogenic acceptor energy. Therefore it seems that the 170 meV acceptor is due to a stuctural defect and has a localized character.
The most intense luminescence of the GaN layer is observed in the ultraviolet region in a form of a sharp but of an unusual shape line at the energy of 3.473 eV and is shown in the inset to Fig. 2 . The line at the 3.472 eV has been previously assigned to the exciton bound to a neutral donor [7] . Taking into account the value of the free exciton energy one gets the binding energy of the bound exciton equal to about 12 meV. The 3.473 eV exciton line is seen only at low temperatures in the temperature range between 4.2 K and 60 K. The temperature dependence of the bound exciton line gives an activation energy of about 10 meV, which is in a reasonable agreement with the estimated 12 meV value.
In addition, this energy is of the order of 10% of the ionization energy of the donor in a reasonable agreement with Baynes ule [8] . Therefore, it seems that the 3.473 eV line is due to the bound exciton connected with the 100 meV donor. In -addition to the bound exciton line, there is a shoulder on the low energy side of the line and a puzzling peak and tail on the high energy side. The low energy side structure at the energy 3.463 eV may be due to the exciton bound to a neutral acceptor or another neutral donor. The high energy tail with the broad peak at 3.508 eV seems more difficult to explain. The temperature dependence of the high energy shoulder is similar to the 3.473 eV bound exciton line. Therefore the presence of such stucture may be connected with existence of excitons related to holes originating from the deeper spin-orbit and crystal field split valence band. The recent reflectivity measurements revealed existence of free excitons at 3.486 eV, 3.494 eV and 3.520 eV [1] . The energy separation between the lowest and the highest energy exciton is about 34 meV. The high energy broad peak at 3.508 eV is also 35 meV above the bound exciton line at 3.473 eV, which would suggest that it is due to the bound exciton connected with the split off valence band. The relatively large width of the 3.508 eV peak could originate from the short lifetime of the corresponding exciton and from the background of free electron-hole recombination. The presence of the bound exciton connected with the split valence bands may additionally indicate a good structural quality of the GaN layer. On the other hand, the lack of luminescence connected with free excitons is probably due to relatively large concentration of donors in the GaN layer.
